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ABSTRACT: Age-related changes in innate immune function and glial-neuronal communication are early and 

critical events in brain aging and neurodegenerative disease, and lead to a chronic increase in oxidative stress 

and inflammation, which initiates neuronal dysfunction and reduced synaptic plasticity, and ultimately 

disruption in learning and memory in the aged brain. Several lines of evidence suggest a correlation between 

adult neurogenesis and learning. It has been proposed that a decline in hippocampal neurogenesis contributes to 

a physiologic decline in brain function. Recently, new and important insights relating to the production of new 

neurons affecting hippocampal-dependent memory ability have been provided. A multitude of factors have been 

shown to regulate the production of new neurons in the adult hippocampus, many of which change as a result of 

aging.  Yet, the potential importance of neurogenesis in some affective and cognitive behaviors, as well as 

endogenous tissue repair mechanisms, makes further investigation of neurogenic regulators warranted. We have 

recent evidence that key regulators of communication between neurons and microglia are disrupted in the aged 

brain and may be one of the factors that precedes and initiates the observed increase in chronic inflammatory 

state. In this review the role of dysfunction in these neuronal-glial communication regulators underlying age-

related impairments in cognition and hippocampal neurogenesis will be discussed. An understanding of these 

mechanisms will lead to the development of preventive or protective therapies.  
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Neurogenesis and Cognition: Is there a link?  
Neurogenesis occurs throughout life, predominantly in 

the subgranular zone (SGZ) of the dentate gyrus in the 

hippocampal formation and in the subventricular zone 

(SVZ). Newly generated hippocampal granule cells 

acquire the morphologic and biochemical properties 

of neurons. For example, the adult born neurons 

develop afferent synapses on their cell bodies and 

dendrites. The new neurons also make efferent 

synapses, and extend axonal projections along the 

mossy fibers into the hippocampal CA3 region. Not 

only do these cells form synapses, they are also 

electrically active, capable of firing action potentials 

and receiving synaptic input [1-6].  Thus, the adult 

born granule neurons become integrated into the 

hippocampal network.  

The functional significance of adult neurogenesis 

is not fully understood. However, evidence has been 

provided that newly produced neurons play an 

important role in functional and dysfunctional events 

associated with the neurogenic area, such as memory 

function and neuropathologies [7]. There is strong 

correlation between the number of new neurons and 

performance on hippocampal-dependent memory 

tasks such as the Morris water-maze and trace eye-

blink conditioning [3,8-11]. Shors et al. [3] observed a 

learning deficit in a hippocampal-dependent memory 

task after reducing the generation of new neurons with 
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an anti-mitotic agent. Other reports, however, either 

failed to find a correlation between the number of 

newly generated neurons and memory performance, or 

observed that aged animals which perform better on a 

hippocampal-dependent memory task have fewer new 

neurons compared with animals that perform worse 

[12,13].  Despite this controversial data, within the 

last year numerous additional papers have linked 

hippocampus-dependent learning and neurogenesis.  

Clear evidence for the functional role of neurogenesis 

has been provided by Imayoshi et al., who 

demonstrated that the genetic ablation of newly 

formed neurons in adult mice led to impairment in 

hippocampus-dependent cognitive function [14]. 

Likewise, Jessberger et al. using a different genetic 

approach demonstrated that adult neurogenesis is 

correlated with spatial learning [15]. In recent years 

new and more complex methods have been designed 

to test the link between neurogenesis and cognition, 

revealing that neurogenesis is important for specific 

types of cognitive tasks.  

It has been suggested that the age-related decline in 

hippocampal neurogenesis, together with the decline 

in other type of synaptic plasticity, contributes to a 

physiologic decline in memory function [16,17].  In a 

recent review Drapeau et al. [10] proposed that the 

differences in the risk of developing age-related 

memory disorders can be predicted earlier in life. Low 

hippocampal plasticity may render animals more 

vulnerable to aging processes. On the other hand, 

subjects starting off with a high level of neurogenesis 

may be resistant to the development of age-related 

memory disorders. In this regard, understanding the 

mechanisms that regulate the decline in neurogenesis 

in the aged hippocampus may guide the development 

of therapeutic strategies aimed at ameliorating age-

related cognitive impairment. It was recently 

demonstrated that decreased neurogenesis in the 

dentate gyrus during aging is not attributable to the 

altered number or phenotype of progenitor cells [18].  

The precise reason for age-related decrease in 

neurogenesis is unknown. However, the production of 

new neurons in the adult hippocampus depends on 

multiple factors. It has been established that the 

“environment” of an aged animal has significant 

impact on stem/progenitor cell function in many 

tissues of the body. It has been further hypothesized 

that the age-related decrease in neurogenesis is due to 

a global, age-related alteration in the 

microenvironment of the brain. In this review we will 

discuss the role of age-related chronic inflammatory 

state in the hippocampal neurogenic environment. We 

will also highlight an intriguing mechanism 

concerning interactions between neuron-microglia that 

regulate inflammation in the hippocampus.  

 

Neurogenesis and inflammation  
Two seminal studies, published simultaneously 

several years ago showed that inflammation tightly 

regulates neurogenesis.  Ekdahl et al. [19] used 

lipopolysacharide (LPS) continuously delivered into 

the cortex via an osmotic mini pump and observed 

that after 28 days of treatment there was a dramatic 

activation of ED-1
+

 

cells. ED-1 (CD68) is a member 

of the scavenger receptors, which is highly expressed 

in monocytes and some tissue macrophages. The 

expression of ED-1 in microglia is normally absent, 

but can be induced following an inflammatory insult, 

which is what was found after 28 days of intracortical 

infusion of LPS. In the young-adult rat, LPS-induced 

inflammation resulted in an 85% reduction in the 

number of new neurons born during the inflammatory 

insult. Monje et al. [20] also found that LPS given 

systemically caused an increase in microglia 

activation and a decrease in neurogenesis, which 

could be prevented by the nonsteroidal anti-

inflammatory drug (NSAID) indomethacin.  

How does inflammation regulate neurogenesis? 

One way is via inflammatory mediators produced by 

microglia. Microglia have the potential to be 

neurotoxic through the production of reactive oxygen 

species when engaged in the removal of mature or 

immature cells [21,22].  The second way that 

microglia can be involved in regulating  neurogenesis 

is through the production of cytokines. This is 

particularly true for the key innate cytokines IL-1β 

and TNF-α, with activated microglia being the major 

source of TNF-α and IL-1β in the CNS (Gebicke-

Haerter, 2001) [23]. The third way in which microglia 

can regulate neurogenesis is by a pro-repair/pro-

neurogenic mechanism, as microglia are also capable 

of producing a number of growth factors including 

IGF-1 and BDNF, which have been shown to promote 

neurogenesis (For review see: [24]). Finally, 

inflammation also alters the way the new neurons 

integrate into the existing neuronal circuit [25].  

There are many mediators of immunity that could 

affect neurogensis; however most have not been 

looked at yet, with the exception of cytokines. The 

negative regulation of IL-1β in hippocampal 

neurogenesis has been described by several 

investigators. We have previously shown that 
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inhibition of caspase-1, which is an enzyme critically 

important in the production of active IL-1β, could 

reverse the decrease in hippocampal neurogenesis 

associated with aging and at the same time improve 

hippocampal-dependent memory by decreasing pro-

inflammatory cytokines and microglia activation 

[26,27]. The receptor for IL-1β, IL-1RI, is expressed 

on neural progenitor cells in the SGZ of the 

hippocampus. The presence of IL-RI on neural 

progenitor cells suggested that the anti-neurogenic 

action of IL-1β occurs via a direct effect rather than 

via polysynaptic or indirect actions on cells 

surrounding the progenitor cells [28]. Suppression of 

hippocampal progenitor cell proliferation by IL-1β 

could result from either a loss of progenitor cells 

because of cell death, arrest of the cell cycle, or both. 

However, in vitro studies show that IL-1β suppresses 

cell proliferation via a reduction in cell cycling rather 

than increasing cell death [28]. Other negative 

regulators of stem cell niches have been suggested 

such as TNFα via TNFR1.  Neural progenitor cells 

have been shown to constitutively express TNFRI and 

TNFRII [29].  At low concentrations, TNF-α induced 

proliferation of neural progenitor cells, but at higher 

concentrations TNF-α induced apoptosis [30,31].  

 

Microglia: the “Immune Cells” of the Brain  
The key cellular event signaling ongoing 

inflammation in the brain is the accumulation of 

reactive microglia in degenerating areas [32,33]. 

Aging is associated with inflammation and activation 

of microglia, as well as with oxidative stress and 

increased IL-1β levels [34-36].  As compared to the 

young one, the aged immune system is less able to 

mount an effective immune response after challenges 

with infectious pathogens because of complex 

changes collectively termed “immunosenescence” 

[37]. Phagocytes are essential during the first phase of 

the immune responses against pathogens and 

contribute to inflammatory responses. Thus, 

macrophages play an essential role as sensors of 

exogenous and endogenous danger signals through 

pattern recognition receptors [38]. Microglia are the 

resident immune cells in the central nervous system 

where they act as macrophages. Microglia cells in the 

normal tissue constantly screen their environment. 

Equipped with receptors for a plethora of molecules, 

they can immediately sense signs of disturbed 

structural and functional integrity. For instance, they 

constitutively express surface receptors that trigger or 

amplify the innate immune response, including 

complement receptors, cytokine receptors, chemokine 

receptors, major histocompatibility complex (MHC) 

II, and others [39,40]. Upon detection of homeostatic 

disturbance, microglia can rapidly respond by 

inducing a protective immune response, which 

consists of a transient upregulation of inflammatory 

molecules and neurotrophic factors [41-44]. 

Neurotrophic factors such as BDNF, glial cell line-

derived neurotrophic factor (GDNF), and IGF-1 are 

secreted by microglia and astrocytes [41-44]. Thus, 

microglia protect CNS function and remove cells 

damaged from acute injury. However, microglial 

neurotoxicity can occur after excessive and 

uncontrolled stimulation of microglia or when 

microglia function is impaired [45-47].  Indeed, when 

chronic inflammation occurs, prolonged activation of 

microglia triggers the release of a variety of 

neurotoxic products and proinflammatory cytokines 

such as IL-1β, IL-6, and TNFα [48]. Protein levels of 

IL-1β, IL-6, and TNFα are increased in the brain of 

aged animals [49-51]. Animal studies indicate that 

increased levels of IL-6 in the hippocampus and 

cerebral cortex arise primarily from microglia [52]. 

Activation of microglia leads to the activation of the 

mitogen-activated protein (MAP) kinase pathways. 

These kinases are involved in the regulation of a 

variety of cellular processes, including cell 

proliferation, differentiation, and death. There are 

three major MAP kinases: extracellular responsive 

kinases (ERK), c-Jun N-terminal kinases (JNK), and 

p38 MAP kinase. Notably, age-related increases in 

JNK and p38 MAP kinase activation in rat 

hippocampus have been reported [53,54].  Inhibition 

of p38 kinase decreases microglial inflammation [55] 

as well as the production of IL-1β [56]. Indeed, the 

results of a number of studies indicate that p38 MAP 

kinase activation is important for IL-1β production 

[57-60]. In the hippocampus, activation of p38 MAP 

kinase is coupled with elevated IL-1β levels in aged 

rats [53]. Moreover, p38 MAP kinase plays a pivotal 

role in the inhibitory effect of LPS and IL-1β on LTP 

[61].  

 

Neuron-Microglia Cross-Talk  
Recent evidence indicates that neurons are not only 

passive targets of microglia but rather can control 

microglia activity. Indeed, neurons may also deliver 

signals, which keep microglia in their surveillance 

mode indicating normal function. Under resting 

conditions there are several neuron-mediated signals 

that have an anti-inflammatory action at the level of 
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the microglia. In an excellent review Biber and 

colleagues (2007) described a system of “ON” and 

“OFF” signals used to regulate microglia activation. 

“OFF” signals constitutively keep microglia in their 

resting state and antagonize proinflammatory activity. 

CD200, CX3CL1, CD47, CD55, HMGB1 are all 

“OFF” neuroimmunoregulatory proteins constitutively 

expressed on healthy neurons. “ON” signals are 

inducible and include chemokines, purine and 

glutamate and they are found on damaged neurons.  

Thus, disruption of ongoing communication through 

calming signals would allow endangered neurons to 

call for microglia assistance. Strong insults to the CNS 

or in the aged brain may trigger drastic changes in the 

functional phenotype of microglia, leading to 

substantial impairment in neurons and glia [62]. Thus, 

an important area of investigation is to examine 

molecules that mediate neuronal-glial interactions, as 

this is one way neurons can signal inflammatory cells 

that a response is needed. Two of these molecules that 

have received attention in the recent literature are 

CX3CL1 (fractalkine) and CD200.  

 

Function of CD200 receptor and CD200 signaling  
CD200 is a highly conserved member of the 

immunoglobulin family and is expressed on T-cells 

and B-cells [63-65].  In the CNS, CD200 is primarily 

localized on neurons and oligodendrocytes, although 

astrocytes and brain endothelial cells have also been 

shown to express CD200 [66,67]. CD200 down 

regulates the activity of microglial cells by ligation of 

the CD200 receptor (CD200R), which is located 

selectively on myeloid cells (in the central nervous 

system the predominant myeloid cells are the 

microglia).  

CD200R, also a member of the immunoglobulin 

family, has cell-type and species-specific molecular 

weights (60-90 kDA) [67,68]. CD200R is expressed 

by a variety of inflammatory cells, including 

macrophages, neutrophils, microglia, granulocytes, T 

lymphocytes [69].  Interestingly, in human brain 

microglia express significantly lower levels of 

CD200R than blood-derived macrophages [67].  Non-

immune associated cells such as, astrocytes, 

oligodendrocytes, epidermal keratinocytes and 

Langerhans cells have also been reported to express 

CD200R. The only known function of CD200 is to 

bind CD200R.  

Binding of CD200 to CD200R activates anti-

inflammatory signaling pathways in CD200R 

expressing cells that downregulate proinflammatory 

responses [70].  The activation of the MAP kinase 

family of proteins (ERK, JNK, and p38) is inhibited 

by CD200R ligation with CD200 [70,71]. Mice 

lacking the CD200 receptor demonstrate an 

accelerated microglial response to injury [72]. CD200 

protein expression decreases with increasing age and 

with inflammatory insults such as acute treatment with 

amyloid β protein [73]. Similarly, in AD pathological 

brain regions, significantly lower CD200 expression is 

observed when compared to the same brain regions in 

age-matched non-demented individuals [67]. 

Interestingly, the anti-inflammatory cytokine IL-4 can 

increase CD200 expression on cultured neurons. IL-4 

can also abrogate the decrease in CD200 with age 

[73].  CD200 also appears to be a valid therapeutic 

target as shown in a recent paper using a model of 

multiple sclerosis. Using an agonist at CD200R1, in 

the model of multiple sclerosis there was a decrease in 

microglia activation and macrophage reactivity and 

antigen presenting function in the area of disease [74]. 

These findings lend further support to the potential 

therapeutic validity of intervening on these pathways 

in aging and disease.  

 

Function of CX3CL1-CX3CR1 signaling  
Fractalkine (CX3CL1), is a chemokine expressed 

constitutively by neurons and has been identified as a 

novel neuroimmune regulatory protein, whose 

function is to send alert signals to microglia and 

inhibit microglia activity under inflammatory 

conditions [40,75]. Disruption of this dialog could 

trigger more drastic changes in the functional 

phenotype of microglia. Fractalkine is a 

transmembrane chemokine that exists in both 

membrane-bound and soluble forms. Its membrane-

bound form displays adhesion properties and consists 

of an intracellular domain and a transmembrane 

domain [76,77]. Soluble fractalkine is important for 

chemotaxis.  

In contrast to many other chemokines, fractalkine 

binds to only one receptor, CX3CR1 [40]. This 

receptor responds to both membrane-bound and 

soluble fractalkine. Although there is some debate 

concerning the cell types expressing these molecules 

in the CNS, in vivo fractalkine is principally 

expressed in neurons, whereas its receptor in 

microglial cells [40,78-82]. Fractalkine acts in vitro as 

an anti-inflammatory molecule by down regulating 

production of IL1β, TNFα and IL-6 [45,75].  Several 

studies have suggested a continuous dialog between 
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neurons and microglia under basal conditions via 

fractalkine and its receptor CX3CR1 [75,83].   

The anatomical expression of fractalkine on 

neurons and CX3CR1 on microglia has led to the 

hypothesis of a unique signaling whereby healthy 

neurons release fractalkine to modulate microglial 

activation. Thus, interaction between fractalkine and 

CX3CR1 contributes to maintaining microglia in a 

resting phase. Disruption of this dialog could trigger 

changes in the functional phenotype of microglia. 

When neurons are injured fractalkine levels are down-

regulated resulting in microglia recruitment and 

activation. It has been shown that mice which are 

deficient in CX3CR1 have marked increase in 

microglial cell expression of IL-1β in response to LPS 

stimulation with an associated increase in 

hippocampal neuronal cell death [75].  CX3CR1-

deficent mice also show increased susceptibility to 

neurotoxins such as MPTP [45], presumably due to 

increased microglia activation. In addition, it has been 

shown that microglia from CX3CR1-deficent mice 

challenged with LPS express distinctly different genes 

than those expressed by wild-type [45,75].  Decreased 

protein levels of fractalkine have been detected in 

plasma from Alzheimer’s disease patients [84] and in 

the aged rodent hippocampus [85,86]. Additionally, 

APP transgenic mice showed a decrease in neuronal 

levels of fractalkine at 9 months of age [87].   

We have recently discovered that fractalkine is 

reduced in the aged rat hippocampus beginning as 

early as 12 months of age and that this phenomenon 

may be one of the players in the imbalance of pro-

inflammatory cytokines observed in the aged CNS. 

However, the decrease in fractalkine observed in the 

age rats may be due to multiple mechanisms. For 

instance, an increase in fractalkine cleavage could 

indirectly contribute to the measured decrease in 

fractalkine protein. Based on our findings, we 

hypothesized that, as a consequence of aging, 

fractalkine signaling becomes disregulated, which 

leads to an increased microglial activation and 

decreased cognitive function and neurogenesis. We 

tested this hypothesis in aged rats and CX3CR1 null 

mice. The results of our findings are summarized in 

Figure 1. We found that indeed an impaired 

fractalkine/CX3CR1 function in the central nervous 

system could modulate the decrease in hippocampal 

neurogenesis associated with aging. By administering 

fractalkine to aged rats we found an increase in 

hippocampal progenitor cell proliferation in aged 

animals suggesting that fractalkine modulates at least 

in part hippocampal neurogenesis in aging.  

Furthermore, when we administered soluble 

fractalkine to 22-month-old rats we observed a 

decrease in microglial MHCII expression coupled to 

increased neurogenesis.  In a final approach, we used 

a blocking antibody to CX3CR1 in young rats and 

found that this blocking antibody caused a decrease in 

neurogensis. Interesting, the anti-proliferative effects 

of the CX3CR1 blocking antibody was shown to be 

directly mediated by IL-1β, as IL-1ra was able to 

significantly reverse the decrease in the number of 

BrdU+ cells in the SGZ induced by anti-CX3CR1. 

This suggests that fractalkine and its receptor act 

through IL-1β to regulate neuronal cell proliferation. 

The group of rats that received the α-CX3CR1 

blocking antibody along with the active IL-1Ra was 

not significantly different from any of the control 

groups. This finding is in agreement with our 

hypothesis that disruption of CX3CR1 function leads 

to an increase in microglia activation, which could be 

ultimately responsible in negatively regulating 

neurogenesis.  We have also found that CX3CR1-/-

mice have reduced neural plasticity as reflected by 

decreased neurogenesis.  

Age-related changes in the fractalkine/CX3CR1 

axis have been characterized in other scenarios. For 

example, in humans there are 2 polymorphisms for the 

fractalkine receptor, one of which caused reduced 

adhesion, signaling and chemotaxis. The variant with 

reduced adhesion is protective for atherosclerosis [88] 

yet increases the risk of macular degeneration [89]. A 

dual role for fractalkine and its receptor has been 

observed in other situations raising the question as to 

the risk/benefit of fractalkine as a therapeutic tool. For 

instance, it has been shown that fractalkine deficiency 

provides protection in an animal model of cerebral 

ischemia [90], while increased fractalkine expression 

has been reported during pathologic pain [91]. 

Enhanced expression of fractalkine has also been 

observed in HIV-1 associated dementia [92]. One 

aspect of fractalkine that may also play a role in the 

differential effects of fractalkine is that fractalkine is a 

type 1 membrane anchored protein with a mucin-like 

stalk and can be cleaved by ADAM-10 and cathepsin 

S to produce soluble fractalkine [93]. The soluble and 

membrane bound forms may play different functional 

roles. It has been shown that the membrane bound 

form plays a role in endothelial cell death [94], 

whereas soluble fractalkine has been shown to be both 

neuroprotective [85] and neurodegenerative [95].  A 

recent paper suggests that CX3CR1 is necessary for  



 C. Germma et al.                                                                                         Inflammation in the aged hippocampus 

Aging and Disease • Volume 1, Number 3, December 2010                                                                             237 
 

 
 
Figure 1. Dysfunction in Fractalkine/CX3CR1 signaling modulates the decrease in hippocampla 

neurogenesis associated with aging. In the young rodent brain, interactions between neuronal-derived 

fractalkine (FKN) and microglial-expressed CX3CR1 contribute to maintain microglia in a resting phase 

(upper left panel). This contributes to keep the microenvironment of the brain favorable for the ongoing 

process of neurogenesis. Disruption of this dialog triggers changes in the functional phenotype of microglia 

with consequent increase in expression of IL-1β and TNFα (upper right panel). A state of chronic 

inflammation is then established, which negatively regulates hippocampal neurogenesis. The lower left 

panel illustrates that aging is associated to low expression of FKN and consequent disruption in 

FKN/CX3CR1 signaling, which is accompanied by increase in microglia activation, and over-expression of 

proinflammatory cytokines. (Note that the scenario of the aged brain is similar to that of the young brain in 

which the FKN/CX3CR1 axis is disrupted). The lower right panel illustrates the possibility to rescue 

neurogenesis in the aged brain by increasing hippocampal FKN protein levels and thus restoring the 

dialogue between FKN and CX3CR1. 
 

cell death in a mouse model of AD [96]; however, in 

this report the AD mice (3xTg AD crossed with 

CX3CR1-deficient mice) were examined at an 

age prior to the development of either 

extracellular A deposition or intracellular 

microtubule-associated protein tau (MAPT) 

aggregation that define AD and thus the nature of 

the signals that leads to the neurotoxicity in this 

model is unclear.  On the contrary other papers 

suggest that loss of CX3CR1 exacerbates 

neurodegeneration [97].  The effect of CX3CR1 

deficiency appears to depend on the animal 

model.  For instance, recently has been reported 

that CX3CR1 deficiency leads to reduced A 

deposition in two different transgenic mouse 

models AD [98]; however the same group of 

investigators showed in a following study that 

hTau/CX3CR1
-/- 

mice have increased 
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tauophatology [99].  Furthermore, it has been 

proposed that a tonic neural release of fractalkine 

provides specific restrain in microglia in the healthy 

brain, but when the blood brain barrier is disrupted, 

the role of CX3CR1/Fractalkine may be different [45].  

Thus, the relationship remains complex and may 

relate to the differential processing of fractalkine.  

Understanding the mechanisms by which 

fractalkine/CX3CR1 regulate microglia activation in 

the aged brain can lead to new therapeutic strategies in 

a variety of neurological disorders characterized by 

neuroinflammation. 

 

 Is it All Innate? What about Adaptive Immunity?  
As mentioned earlier, Monje et al [20] found that LPS 

given systemically caused an increase in microglia 

activation and a decrease in neurogenesis, which 

could be prevented by the NSAID indomethacin. This 

raises the possibility that not only local CNS 

inflammation, but also systemic inflammation could 

communicate to the CNS and influence the neurogenic 

niche. It has been established that the “environment” 

of an aged animal has significant impact on 

stem/progenitor cell function in many different 

tissues.  This has been recently examined using the 

technique of heterochronic parabiosis, which involves 

connecting the circulation of a young and an aged rat 

together. Under these circumstances it has been 

observed that aged progenitor cells in liver, muscle 

and many other tissues when exposed to the 

circulation of a young rat increased proliferation and 

regeneration index [98]. This same effect has been 

observed ex vivo when young hematopoetic stem cells 

(HSC’s) are cultured in the presence of serum from 

young or aged mice. In this paradigm, stem cells take 

on the phenotype characteristic of the age of the 

serum, in other words, young serum can rejuvenate 

aged stem cells, and old serum can “age” young stem 

cells [99]. This report implicated IGF-1 as one signal 

present in the aged circulation that may be significant 

for this “extrinsic aging” effect. We have previously 

shown that the raw mononuclear fraction of human 

umbilical cord blood (HUCB) administered 

intravenously improved the neurogenic niche of the 

aged brain and stimulated the endogenous stem / 

progenitor cells to increase proliferation and produce 

more doublecortin-positive cells, possibly through a 

decrease in microglia activation [100]. These results 

are remarkable given that the cells were delivered into 

the systemic vasculature and not directly into the 

brain. However, few surviving HUCB-derived cells 

were found in the brain of animals that received 

transplants [101-103] and fewer of these surviving 

cells expressed neural markers, indicating that 

replacement of lost neurons was not the primary 

mechanism inducing brain repair. In addition to 

producing growth/trophic factors, the HUCB 

mononuclear cells also produce a number of cytokines 

and chemokines.Indeed, we have consistently found 

that HUCB administration interrupts the inflammatory 

cascade observed in the aged brain reduces apoptotic 

cell death [104] and enhances neurogenesis and 

angiogenesis [105]. We have administered HUCB in a 

variety of brain injury and disease models in animals 

of different ages. When HUCB cells were transplanted 

after both ischemic and hemorrhagic stroke [101-

104,106] and traumatic brain injury [107], there were 

significant improvements in behavioral indicators. 

Other negative regulators of stem cell niches have 

been suggested such as TNFα via TNFR1 [108].   

Recently experimental evidence has shown that the 

integrity of the adaptive immune system plays a 

pivotal role in cognitive function and hippocampal 

neurogenesis, both under normal and abnormal 

conditions [109-111].  Mice with systemic immune 

deficiency (SCID mice) demonstrated cognitive 

impairment, which was reversed by replenishment 

with T cells [110]. In support of the importance of an 

intact immune system in brain function at 

physiological levels, Wolf and collaborators identified 

a specific T cell subtype, CD4+ T cells, as the link 

between the adaptive immunity and hippocampal 

neurogenesis. These authors demonstrated that mice 

null for CD4 + T cells have reduced hippocampal 

neurogenesis. Conversely, CD8+ T cells do not seem 

to affect adult hippocampal neurogenesis. Similarly, 

repopulation of mice lacking CD4+ T cells with CD4 

but not CD8 cells brought the number of neuronal 

proliferative cells back to a level comparable to that of 

C57BL/6 wild-type mice. These data demonstrated the 

CD4+ T cells have a key role in the maintenance and 

control of adult hippocampal neurogenesis under 

physiological conditions. During aging there is 

impairment in hippocampal neurogenesis as well as in 

cognitive function, which is accompanied by a defect 

in T cell function, including decreased number of 

CD4+ T cell.  Given this observation one has to 

wonder whether boosting the relevant T cell clones 

would ameliorate age-related cognitive decline and 

strengthens hippocampal neurogenesis.  
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Conclusion  
Neuron-microglia signaling is thought to maintain 

microglia in a resting state, thereby suppressing the 

neurotoxic activity of these cells. There is an 

increasing amount of evidence suggesting that 

interruption of neuron-microglia dialogue is 

associated with decline in the physiological processes 

of aging, including hippocampal neurogenesis, as well 

as with exacerbation of neurodegenerative disease, 

including Alzheimer’s disease and Parkinson’s 

disease. In the future, it would be informative to 

determine how dysfunction in neuron-microglia 

signaling leads to cognitive impairment and how the 

disruption in this signaling can be manipulated for 

preventive and therapeutic purposes.  
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